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NIF Diagnostics in Figures

LEGRIEUEN - > 50 Diagnostic Systems — and growing
in Figures

« ~200 people (~160 at LLN), $260M since 2006

e 12 institutions, 4 countries

« ~3 calibration centers

« Major infrastructure for diagnostic operation

« Active scientific diagnostic community

— Developed existing systems at NTS,
Nova, OMEGA or Z
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NIF diagnhostic program spans 12 institutions
In four countries

LLNL
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Major infrastructure for operation, data certification,

analysis and archiving of NIF Diagnostics

More than 50% of diagnostics run every shot

Major set up set up/controls effort ~13,000 parameters/1000 control points

Maintain configuration control of thousands of diagnostic parameters

Reliability ~95%

~60 analysis algorithms, 600 low level modules using modern software

Data archiving infrastructure available to all users

Timescale for development: "simple” ~1 year, complex multi-year
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Road map for the talk

N

Hohlraum Energetics\

FABS31

Implosion phase
on NIF b b |

Assembly, burn phase
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Diagnostics of Hohlraum Conditions

P Attribute Method Acrony
Back- scatter Into lenses FABS 50,30
Near lenses NBI 50,30,23.5
\ Other Scatt. Light ScCal
Hohlraum x-ray Soft x-ray P_{time)—LEH™*; 18 channels | —m
Spectrum Grating
Spectrum Crystal
F en pinhole SXI-U, SX-IL
r ey (time)
Hard x-ray P _(time) filter, flour. FFLEX
Hard x-ray image pinhole eHXI
Hohlraum n_,T 3w, 4® Thomson
Low n,_ Optical probe phase, Faraday OISP
i Gated optical imager GOl

*LEH- laser entrance hole

2012-031292
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Hohlraum Conditions

The backscatter measurement is important for
guantifying the energetics aspects of ignition hohlraums

Hohlraum heated by 192 beams Backscatter instruments (FABS / NBI)
emulating ignition conditions are installed on two/three beam quads

Incident laser Emulator LEH
Alnner -

beams : -
\ = 2.1 mm?
e
P
: - Y Aouter —
3 |

1 mm?2

Preheat:
Hard x-ray detector
- FFLEX
\ Outer Cone backscatter
- FABS & NBI Q36B
anner Cone backscatter
Soft x-ray drive - FABS & NBI Q31B

and preheat
- DANTE
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Hohlraum Conditions -
Full Aperture Back-Scattering (FABS) is measured on 8

two Quads, Near Backscatter Imaging( NBl) on 3 Quads

Backscatter is measured on 3 quads

Hohlrau

50° NBI

Time-dependent

50° Outer
FABS/NB

T

235°NBI

p 4

23.5° NB

Analyzed shot data Analyzed shot data

*Shot data

Time-dependent

23.5°
Inner NBI

30° Inner
FABS/NBI

Time-integrated
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Hohlraum Conditions
. g /N'I'L
Time-resolved NBI utilizes

40 fibers and a streak camera

Sketch of NBI-time-resolved system Scatter plate with fiber views

Fiber streaks

Q “‘ '“H l" ¢

Raw data

N

Data corrected for propagation time

Time
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For Polar Direct Drive a set of small absolutely

calibrated collectors will couple light into fibers at
10-20 locations to be determined

Target Area Diagnostic

i
|
|
|
|
|
|
|
| _
|
|
|
i
2" Aperture i
TCC |
éli - | 351 nm spec
> | + streak
Fiber coupling

box

The required number and locations of the detectors are
currently being worked out using 3D CBET modeling
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X-rays in Hohlraum

FaY

Attribute Method Acronym
Back- scatter Into lenses FABS 50,30
Near lenses NBI 50,30,23.5
Other Scatt. Light—
Hohlrau So/ftx-ray P (time) LEH*, 18 channels
/‘1( Spectrum Grating
Spectrum Crystal
F en pinhole SXI-U, SX-IL
r ey (time)
\Hard x-ray P_(time) filter, flour. FFLEX
Hidx\-ray image pinhole ﬂ
Hohlraum n ,T - son

—ScCal
Dantel&\z*

Operational

Low n, Optical probe
Gated optical imager

phase, Faraday

OISP
GOl

*LEH- laser entrance hole
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Hohlraum Conditions
Two time-resolved 18 diode arrays- Dantes- accurate
measurement of the x-ray power through the LEH

Components of two channels of DANTE

Target Magnets
@ Colllmators Gnds XRD Magnets
Fllters

X- ray Diodes

\(j 4. II Mirrors Dante Flux was comparable to the

= 352,17 previous THD experiment
Signal cable (50m) _ - - -
sm Diditizer 01" N110608 DT "! |
Z DIgItizers 550 | N110603 THD ‘\ 16

N110527 Symcap

/

r
o

- 412 1
> N\ &
(14}
attenuators ~ i _
- 150 — g
© -8
= o
100 [ o)
hyﬂ#"
44
50

0 5 10 15 20 25
Time (ns)
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Hohlraum Conditions
. .
Static x-ray imager uses hohlraum wall to

back light the laser entrance hole (LEH) closure

Hohlraum wall

SXlimage

Measured LEH closure of ~ 30% and Dante gives a T, 4(t)
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Hohlraum Conditions
FFLEX measures hard x-rays <200keV produced

by hot electrons Au bremsstrahlung

Original FFLEX channel layout (8 channels)

Pb shielding

:

PMT tube

Scintillator
Nal)

;—L - Post-filter

\ s
-
A

\

T
) Pre-filter

Time integrate

120 400

100 200

80

(ML) Jamod 1ase

60

40

20

Preheat electron power (GW)

o

10 15 20 25 30

Time (ns)
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Road map

Hohlraum Energetics
By & |
— FABS31

r_. on NIF
\

Implosion phase

q: '

"4

Assembly, burn phase

How are we doing?
— Good global measurements
— LEH radius(t)?

—n(rt), T(rt) ?

15
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Diagnostics of the ablator and fuel implosion phase

] Attribute Method Acronym Operational

Shell r(time) Shell v, 6x Pinhole backlighting X-ray streak:DISC

Symmetry P Y Pinhole imaging [X-ray gating: GXD, hGXI

Hi Res 0x™~ 3 um X-ray optic NIF Chandra

DT v,,./0x X-ray refraction  |X-ray streak-DISC

Shock (time) Shock timing Vyaltime) VISAR, SOP

Shock Symmetry Vo oult,0) mVISAR

Shock roughness 2D spatial OFVRC
Interval Bang time X-ray flash Gated imagers, SPBT

X_ray flash SPIDER- streak

v flash- Cerenkov

GRH, nTOF

Protons flash

Mag. pToF

2012-031292
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Shell radius (time)
Backlit streaked radiography of imploding plastic
ablator, but imaged with a slit

Capsule backlit by x-rays 9 keV streaked radiograph

produced by 2 Quads , 50 kJ 0.5mm Fiducial  ablator
G limb

20.6ng

time

22.9n¢

explosion
shock

Slit to 10um resolving dr(time)

Continuous record of ablator r and or
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Shell radius (time)

Gated( 100 psec) x-ray detectors (GXD) are
foundational- but have limitations

Au Microstrip
X-rays

XN

N

N

AN

N

Array of pinholes produces many images,
gated at different times- about /10,000

——

)

e

=S

, pU— o
ve

<

Imploding

e Backlighter spot very close and large-
needs 3X OMEGA energy to backlight
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Shell radius (time)
Gated backlit pinhole imaging might just see
Rayleigh-Taylor bubble and spike features

p(g/cm3)
15.1
1D -
i = 400
$ width 2 - 106
L=
& E
= =
s @& =
i 18 3 20 - 616
£
«~—| Spike feature
] 1.71
=~ bubble feature I
L 1 1 [ 1 = 0
= ot = 0 200 400
UOISSILUSURL | x(pm)

Increasing x-ray collection with x-ray optic by ~X100 will make this easier
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Shell radius (time)

NIF’s Chandra: — Single LOS gated x-ray microscope

« Single Line of Sight
framing

* Goal of 2 um object
resolution

« Magnification, M > 30

facility wall

KB Optic

X-ray
chamber wall detector
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Diagnostics of the ablator and fuel implosion phase

] Attribute Method Acronym Operational
Shell r(time) Shell v, 6x Pinhole backlighting X-ray streak:DISC
Symmetry P Y Pinhole imaging [X-ray gating: GXD, hGXI
Hi Res 0x™~ 3 um X-ray optic NIF Chandra
DT v,,./0x X-ray refraction  |X-ray streak-DISC

Shock (time)

Shock timing

Vo oaltime)

VISAR, SOP

Shock Symmetry

vshock(t'e)

mVISAR

Shock roughness

2D spatial

OFVRC

2012-031292

Bang time

X-ray flash

Gated imagers, SPBT

X_ray flash

SPIDER- streak

v flash- Cerenkov

GRH, nTOF

Protons flash

Mag. pToF
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Shock(time)

The VISAR is an optical probing diagnostic that
detects Doppler shifts in a reflected probe beam

Probes shock fronts in VISAR: “Velocity Interferometer
transparent samples System for Any Reflector”
A

=

I==) E
L)
9 :

>time t|r>ne
Reflection originates at shock front Doppler shift & fringe phase< velocity

Reflection image projected onto streak camera

\ — I ‘ DIM

Y 4 ]
L1 \/
baffles

intermediate

TCC front flange imase
of DIM =

4" x 8" probe

laser table

fiber delivery, 100°

R.M. Malone et al., Proc. SPIE 6342 634220 (2007) |,/ 1evet loter level
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Shock(time)

MVISAR: dual simultaneous observation of the
shocks on the pole and the equator

Target modified with a turning mirror Pole and equator signals show
incorporated into the cone differences in timing and velocity
Equator ———_  Pole Streak slit - -
aperture aperture 100.0 — N110823 - equator 4 -
) ) ) - —--N110823 - pole
. : ®
E so _
>
E
S 20 -
Before adjustment
10.0 I I BT P S R I
‘ | ‘ T I |
Mirror reflection 100.0 — —— N111027 - equator -
( pole) Pole @ - — —N111027 - pole f
E 50. - -
200 A Equator >
S
E o S 0 B
S After 15t pass
3-200 10.0 - e
o 14 16 18 20
-400 Time (ns)

Time (ns)

Feedback for cone fraction tuning

Has become the “standard” keyhole target platform
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Bang time

South pole bang time: X-ray detector routinely
measures X-ray and neutron bang-time

South pole bang time detector looks up the
hohlraum axis, sees implosion

The X-ray bang time is determined with an accuracy <50-ps from the X-ray
power bang peak after the removal of the hohlraum background signal

N110527 Symcap = LaserPulse

Peak @ 22.517 ns
12} Raw Signal 1 8 e
=== Deconv. Signal
o fF W Background @ Bang | .
S
— = 6r
< 8 =)
— )]
[y} .
o> 6 24 FWHM
n s /i 264 ps
[1}]
41 Q
2r :
2; N
J1 Midpoint : @ 22.523 ns
0 ) ‘ ) Baﬁ&_] . y 0 ) . \
16 18 20 22 24 26 22.2 224 ) 226 22.8 23
Time (ns) Time (ns)
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Shock(time)
SPIDER* will measure X-ray bang time and
emission history with 10 ps resolution up to ~10%/

Vacuum envelope

is isolated fro
2
\.

NIFs vacuum Air Gap
system
—Diagnostic pipe
connected to NIFs
Port DOO3B vacuum
$=90° U RS
0=7°

| * Streaked Polar Instrumentation for
Diagnosing Energetic Radiation
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Shock(time)

Two independents ways to measure neutron
Implosion bang time

2012-031292

LLNL/LLE: Neutron time
of flight (NTOF_BT)
- _ 3

Sl
Shot N110617-002-999 5 mm CVD and IRF

Time (s) >
0 5 10 15 20x10
25 1 l
Coeficient values * one standard devaston L 1.4x10’
KD =8.891 2 0.0586 Ax10
K1 =2.6325 4 000137
20 - N\ K2 =7.1992e¢14 2 1.28e012 - 12
kI K3 ~0.005 £ 3.52
\
{ 1.0
15 !
H - 08
i
10 [ } Los
! '
~ 04
5 N110617_CVD5S_chi_V
H \ - == N110617_CVDS_ch3_V. e
! % — RE_CVDS_net_NIF_smooth)  — 02
L ‘\‘
o_.‘ ....... J — R e ST ST T wEde Q0
T T T Y
85 920 95 100 105 110

Time (ns)

(Que) vonauny ssLOdsaY WMUNATY

LANL: Gamma Ray History

(GRH)

Exploding Pushr (N101212)

DTy

Bang time
+/- 30 ps
~ - c
[%) = @©
E 5 1014 S J) |
S 3 .
= = g Burn width
14 = - +/- 15 ps
S = E
> = g
N g
(@] (&
c a
= a
=
0 e " a " ke
;T 0 1 Z 3
Time (ns) No CO,

Absolute accuracy to 30 ps

Absolute accuracy to £50 ps
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Road map

Hohlraum Energetics

f‘—r L —

FABS31 Implosion phase
on NIF g ;

Assembly, burn phase

How are we doing?

-Good global measurements
-Starting to see microscopic features
of shell and fuel during the
iImplosion- improve xray
backlighting
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If the hot spot model is right this is
what we have to measure

THS pRTotal
(reactivity) N (confinement)

PRus
(bootstrap heating)

RHS
(convergence)

ARpyix/ARgpey
(confinement)
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Assembly, stagnation and ignition diagnostics

i Attribute Method Acronym Operational
Yield Y, Y.n activation, track det. NADS, MRS,WRF
Hot spot: r, dt x-ray size: shape, dt Pinhole imaging <1016 | hGXI, ARIANE
x-ray size: shape,dt Imaging < 1077 mARIANE
n size: shape NI NIS
n dt Cerenkov GRH
Hot spot: T T, Ross pairs imaging GXD, hGXI
T, (time) gated hGXI
Tion n Doppler nToF, MRS
T, ,(time) streaked n Doppler tMRS
T. (time) hi. Res. xray spect.

Fuel pr- direction n spectroscopy nToF, MRS
pr(0,9) activation (0, ¢) Flange NADS
pr(6,9) down sctt. nimaging  |NIS

pr solid radchem SRC
pr gas rad. chem RAGS
pr low E n spectroscopy LENS
pr(0,9) Compton radiography |CR
pr(0,9) ARC Compton ARC-CR
Mix mix dopant spectroscopy [Supersnout
mix X-ray emission Ross pairs
mix solid radchem SRC
mix v spectroscopy (C) GRH
mix v spectroscopy (C) NIF CGRO

2012-031292
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Assembly

Yield is measured by three absolute and
Independent diagnostics and by three LABS

LLNL: Zirconium neutron
activation (Well NAD)

SNL:Copper neutron
activation(NAD 20)

MIT:. Magnetic Recoil

count ;

i
[

TIT R - | !
MY il L ] WL 1 ol osgn an Al
b F'.“.I s kil aenn T.-.""w'l'"‘f'-—.'\- o g

Copper Decay Curve

60

50 -
40}

30 -

Counts/Minute

20

10 |

o

0 T T T T T T T
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0
Time (Minutes)

Spectrometer (MRS)

on Sept 8, 2011
LE+05 MRS spectrum for NIF shot P

1.E+04

1.E+03

Counts/ MeV

1.E+02

1.E+01

1.E+00

0 5 10 15
Deuteron energy [MeV]

Accuracy better than 7%* ,
activation cross section,
detector efficiency

Accuracy better than 10%* ,
activation cross section,
detector efficiency

Accuracy 5%* , n-d cross
section, diagnostic geometry

2012-031292
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Assembly X-ray imaging with yield requires moving
the shielded detector out of the line of sight with
an x-ray mirror M-ARIANE

[ Multilayer } ARIANE @7 m from tcc
MIrror

PH Mount in
line with 90/89

M-ARIANE @10 m from tcc

M-ARIANE can use film or dump-and-read
electronic readout for image recording
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Y -
A suite of neutron spectrometers fielded at various -

locations are used to measure the directional neutron spectrum

nJpF-3.9 DSF (64-275)

nToF-4.5 DT-Lo (64-309)

X

nToF-4.5 BT (64-253)
D
-
N\

nToF-20 Alcove (116-316)

New nTOF to
be added
here

NTOF20m-SpecA/lgnHi (116-316)
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Assembly
The ICF-neutron spectrum provides information on pR

T,and Y, - Essential info for assessing implosion performance

dsr.10-12 MeV — Y10-12 MeV/Y13-15 MeV Yn: Y13-15 MeV

1015
~ 2
High density Tion = [AEpwu/177]
10"
% 10'3
=
)
@
; 1012_
\Z 4
) n
n v
n 0 2 4 6 8 10 12 14 16 18

Neutron energy [MeV]
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Assembly
The existing neutron spectrometers are based on

two different concepts

Magnetic Recoil Spectrometer (MRS)

neutron Time of Flight (nTOF)

Implosion
| CD-foll

:\

26cmi

-
S~ .’ OF
N110217 DT Exp Push Spec-A data

O_O:\ T e = e i g (oo )
440 460 480 500 520 540
Time (ns)

The neutron spectrum is inferred from

the measured recoil deuteron spectrum

The neutron spectrum is inferred from
the time-dispersed signal

Kilkenny, Workshop on Science of Fusion Ignition on NIF, 052312
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Assembly

MRS has been a great University alliance success

2012-031292 Kilkenny, Workshop on Science of Fusion Ignition on NIF, 052312 35



“(R)evolutionary improvement of NToF: back scattered &
down scattered neutrons probe different cold fuel regions

The (n,T) and (n,D) backscatter edges are clearly
NToF - logarithmic

visible in the nTOF 20-SpecE spectrum once the yield
from other neutron producing reactions is removed
0.40

0.30
0.20
scal
2 0.10
(n,D) backscatter
\Né .

-0.10

Signal (V)

700 800 900 1000 1100 1200 1300
Time (ns)

neutrons nT and nD down scatter
10 - 12 MeV
neutrons DT neutrons from Hot Spot 14 MeV
D, neutrons from Hot Spot 2.45 MeV
neutrons

nT back scatter 3.5 MeV
nD back scatter 1.6 MeV

2012-031292

Kilkenny, Workshop on Science of Fusion Ignition on NIF, 052312

36



Yield / MeV
>

-

o
—
w

A single scattering model cannot explain the
low-energy neutron spectrum in high-pR implosions

MRS data for Cryo DT, Nov. 12, 2011

i _ 104
i prlmary\ - primary
- > i f
— Q B G
C =
: - 3 | heilEk e otV '.‘gg«‘.‘.é’ o
L IRF -g 10 »."iu"ii":-‘.-"sira % k i \\ >
i 3 E N L Rl TRkt ‘iz:iii‘i" R
single scatter L c [ TR R
- - i \
. : : B . | I 1
- i single scatter i |
i | 10° P
il - | ‘l
i - | l
- I -
[N TR T N NN SR T NN TR TN AN NN S S A N ,I | PR ket TS R T [N T S S AN SN SO SR l PR I ! A
4 6 8 10 12 14 4 6 8 10 12 14
Neutron energy [MeV] Deuteron energy [MeV]

pR asymmetries and multiple scattering may be important at
energies below ~9 MeV, and will be considered
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Assembly

The GRH is the first generation gamma-ray spectrometer

GRH installed at NIF Predicted Gamma—Ray Spectrum
AT e oA | , .“ %
e e i = J“’ s
510-353 £ e 101
g ] 2
MY { &
S [ 3
ug HT 5
=108 iy, 5 ¥ e 7S
g o =
0 QP o
107k - . 10783
0 108! 200
g-rayEnergy{MeV)?
Energy thresholded measurements to
provide:
— Total DT vyield
— Plastic Ablator Areal Density

4 Gas Cells mounted on
chamber (6 m from TCC)

38
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Areal Density of imploding plastic capsule
can be inferred from gamma-ray yields

« 14 MeV neutrons inelastically scatter off 12C in
plastic ablator producing 12C(n,n’) 4.44 MeV y-rays

« GRH unfolds 4.44 MeV signal providing a measure
of 1°C pR

Vi

0-12 '
= —) ¢ PcR>Ypr

Mc
Yoot = YyDT /B~ YnDT(12—15MeV) (1+3DSR)

mC YjC El E-03 JE.
< p.R>= £ 5
2 =
oY 5
nC "nDT g =
= =
EI.E-CIE - — LI._;_:
« 12C pR depends on: F Z=as
. - EJ = o
1) Ablator Mass Remaining Freoe M ULV
2) Ablator Compression teor

3) Ablator Mix into Hot Spot Gamma-RayEnengy (Mev)
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Assembly

Future Gamma Spectroscopy could provide valuable

Information to a large range of neutron rich implosions

Calculated DT y-Ray Spectrum

1 MeV bin)
=
m
&
w

Py
m
o
a

DT Fusion

Gammas/Neutron/(0

[y
m
f
(=
=)

P
c
=
O
(qV]
—
1 1.E-04 W

1.E-07

Gamma-RayEnergy (MeV)

Application Energy (MeV) Requirement (for 100 y detection)

DT Fusion Total DT Yield 16.75, 13.5 Y>1e1l5 for y,; Y>3el5 for v,
D(n,y) Fuel pR 15.58 Y>3e15 for pRf, >1 g/cm?
12C(n,n’y) CH Ablator pR 4.44 Y>3e14 for pR¢y, >200 mg/cm?
160(n,n’y) Be Ablator pR 6.1,6.9, 7.1 Y>1el5 for pRg, >200 mg/cm?
13C(d,n)1*N* CH Mix 5.69, 8.06 Y>3e16 w/Mix (but w/in TMP n-y)
9Be(a,n)12C*  Be Mix 4.44

‘Be(d,n)1%B* Be Mix 3.4, 4.49, 6.03
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How to measure where the compressed fuel is?

« Compton Radiography with existing NIF

 Compton Radiography with ARC

» Anisotropy of un-scattered primary neutrons

* Down-scattered neutron imaging

2012-031292 Kilkenny, Workshop on Science of Fusion Ignition on NIF, 052312 41



»

ARC + distant shielded gated detectors will extend
Compton Radiography to 1el4-1el7 yield regime

ARC requirement: > 800 J @ < 30 ps, > 1e17 W/cm? per subaperture beam

LPI x-rays
Core

700 em Emission BT -
-'I—I--ll
100ps
Meutrons Mag~120x ——
~1/6 ¢ - 1. 1
-

10-30 pm E_J BN

AU wires —
Collimator
avoids
cross talk BT
Hohl y-rays
1- - E
w S E
[ ARCE X S
[ o £
£ 0.1 - X d 3z
: : 3 g = BT +
Predicted signal S
g 100ps
and background £ o.01
levels E II I .
0.001 - L] — Y
. 200 pm
1e16 1e1? 1E13
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A set of Neutron Activation Detectors (NADS) *'

measures anisotropy in un-scattered neutrons to ~ 3%

Zirconium samples mounted outside 9-16 ports
around target chamber

(o ) (24
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Assembly
Measuring activation in many directions hints at

more fuel at the poles of the imploded core

N120422-001 Flange-NAD results fit
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Assembly
Neutron imaging provides spatial information on
neutron production and scattering

CH/Be Ablator
n - T d
S 74 & 5 era
Hotspot Mo, Sy - S
—) - (_,/__,-- Ll ; - g ------
141 MeV ISy Cold-Fuel | JENEEINTS e

1-2 glem? Neutron Aperture

n

Co-registration of primary and down-scatter
neutron image shows where the fuel is

x10°

50 0 S0 100

0:40x4*4 ym
2/P0: -“11%

P0: 262+ 2 pr
P2/P0: -38%

Is offset due
to fill tube?

3-17 MeV , > 50%
10-12 MeV , < 60% 1/26{2012 6:55:51 AM (6) 77-174/ZoomjPTZ Camera
)
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Assembly

Doped capsules and spectrometer have been
designed to trace origin of ablator mix in the hot spot

Y

H Background subtracted 1-D spectral image (N110208) & Spatial profiles
Cu, Ge, Si doped CH ablator B g
N110208- 99_A_low100m
. [
E g
0 =
> 3
5 2 :
¢§' (Ge in shell is photopumped by hot-spot x-ray continuum) g’
(Viewed from TCC)
2
£
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1/e FW =204 um)
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Implosion\

X-ray radiography of imposed surface perturbations
will be studied in future experimental campaigns
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Assembly

Large variations in the primary neutron yield are

observed for comparable levels of hot-spot mix mass

2012-031292

DsoTso equivalent neutron yield
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Road map for the talk

Hohlraum Energetics

e -
,\" \‘f\

FABS31
on NIF

Implosion phase

Assembly, burn phase

How are we doing?
-Good global measurements
-Beginning to see DT distribution
-Beginning to measure mix

48
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Conclusion

« Excellent set of NIF Diagnhostics —developed over many years

« A new generation of diagnostics is needed to more fully
exploit NIF including:
- ARC
— Single LOS x-ray microscope
- Gamma Spectrometer
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LOA ( List of Acronyms)

Acronyms Description Acronyms Description

ARC ARadiographic®apabilitydkJ-classBhortBulsedaser) NADS NuclearBctivation@iagnostic§many#lavors)

ARIANE  ARadiographicapabilitygkJ-classBhort@pulsedaser) NBI NearBackscatterdmagerfdimagesightBcatteredround@ibeam@one)
BT Bang@ime{eitherdfrom&-rays,@-rays@®raheutrons) NIS Neutron@maging@ystem

CGRO Compton@GammaRay®Dbservatory nTOF neutronTime-of-FlightdneutronBpectroscopy)

CR ComptonRadiographydimagingisingB-rays@@00&keV) OFVRC HighResolution2DX isar

DANTE Trad olsp @pticaldnterferometer@SHock®Probe

DISC DIM-InsertableBtreak@amera pTOF protonfTime-of-Flight?

DIXI RAGS Radiochemistry@And&GasBampling

DSR DownBcatteredRatiod#10-12MeVah's/#13-15MeV's) SCCal Scattereddight®Xalorimetry

eHXI HardX-raydmager SOP Streaked®pticalPyrometrydinfer@emperaturesiip@oll0'skeV)
FABS FullApertureBackBcatterdscattereddightin®hetbeam@one) SPBT South@oleBangTime

FFLEX FilterFluorescerdtime-integratedthardX-ray@etector) SpecE/SpecA SpectroscopicthTOFsElongnEquatordoSEnddn®hefIcove
GOl Gated®Dpticaldmager? SPIDER Streaked®Polar@nstrumentation@or@iagnosingEnergeticRadiation
GRH GammaReactionHistorygdbang-time/burnthistoryEDT@) SRC SolidRadioChemistry

GXD GatedX-rayDetectordframing®amera,&1E13¥ield) Supersnout? HSXRSEombinedMith®5XD/hGXIFateddmaging

hGXI Hardened®GatedX-raydmagerdframing@amera,Zx1E14¥ield) SXI StaticX-raydmagerdtime-integratedX-raypinhole@amera)
HSXRS HotBpotX-RayBpectrometer SY Switchard

LENS LowEnergyiNeutronBpectroscopydnearfuture;En<Few@MeV) |VISAR VelocitylAnterferometer@orBAnyReflector

MRS MagneticRecoilBpectrometer:@neasures r RfromDSR WRFZ WedgedRangeFilterdCR39-basedPprotonBpectrometer)
mVISAR  Multi-view®/ISAR
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SPBT measures capsule bang-time
with <50 ps absolute accuracy

5
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